(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP1 176 234A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) lntC!7: D01F 11/12, B01J 21/18, 


30.01.2002 Bulletin 2002/05 


DUIJ oO/UD, OUIO I/U4 


(21) Application number 01124301.1 




(22) Date of filincr 12 05 1993 

t total LVuLv wl IIIIJIUi IftiVvi 1 ^ w 




(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH DE DK ES FR GB GR IE IT LI LU MC NL 


• Moy, David 


PTSE 


Winchester, MA 01890 (US) 




• Hoch, Robert 


(30) Priority: 22.05.1992 US 887314 


Hensonvllle, NY 12439 (US) 


(62) Document number(s) of the earlier application(s) in 


(74) Representative: Colmer, Stephen Gary et al 


accordance with Art, 76 EPC: 


Mathys & Squire 100 Gray's Inn Road 


93913831.9/0 641 254 


London WC1X8AL (GB) 


(71) Applicant: HYPERION CATALYSIS 


Remarks: 


INTERNATIONAL, INC. 


This application was filed on 19 - 10 - 2001 as a 


Lexington, MA 02173 (US) 


divisional application to the application mentioned 




under INID code 62. 



(54) Catalyst supports, supported catalysts, methods Of making the same and methods of using 
the same 



(57) A supported catalyst comprising a carbon fibril 
aggregate and a catalytically effective amount of a cat- 
alyst supported therein, a process for performing a cat- 



alytic reaction in fluid phase using the supported catalyst 
and a process for making the supported catalyst are dis- 
closed. 



CM 
< 

CO 
CM 



a. 



REACTANT 




FIG.I 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 176 234 A2 



Description 

Background of the Invention 

5 [0001] The invention relates to catalyst supports, supported catalysts and methods of making and using them in 
heterogeneous catalytic reactions. 

[0002] Heterogeneous catalytic reactions are widely used in chemical processes in the petroleum, petrochemical 
and chemical industries. Such reactions are commonly performed with the reactant(s) and product(s) in the fluid phase 
and the catalyst in the solid phase. In heterogeneous catalytic reactions, the reaction occurs at the interface between 

10 phases, i.e. , the interface between the fluid phase of the reactant(s) and product(s) and the solid phase of the supported 
catalyst. Hence, the properties of the surface of a heterogeneous supported catalyst are significant factors in the ef- 
fective use of that catalyst. Specifically, the surface area of the active catalyst, as supported, and the accessibility of 
that surface area to reactant chemisorption and product desorption are important. These factors affect the activity of 
the catalyst, i.e., the rate of conversion of reactants to products. The chemical purity of the catalyst and the catalyst 

15 support have an important effect on the selectivity of the catalyst, i.e., the degree to which the catafyst produces one 
product from among several products, and the life of the catalyst, 

[0003] Generally catalytic activity is proportional to catalyst surface area and high specific area is therefore desirable. 
However, that surface area must be accessible to reactants and products as well as to heat flow. The chemisorption 
of a reactant by a catalyst surface is preceded by the diffusion of that reactant through the internal structure of the 
20 catalyst and the catalyst support, if any. The catalytic reaction of the reactant to a product is followed by the diffusion 
of the product away from the catalyst and catalyst support. Heat must be able to flow into and out of the catalyst support 
as well. 

[0004] Since the active catalyst compounds are often supported on the internal structure of a support, the accessibility 
of the internal structure of a support material to reactant(s), product(s) and heat flow is important. Porosity and pore 

25 size distribution are measures of that accessibility. Activated carbons and charcoals used as catalyst supports have 
surface areas of about 1 000 square meters per gram and porosities of less than one milliliter per gram. However, much 
of this surface area and porosity, as much as 50%, and often rhore, is associated with micropores, i.e., pores with pore 
diameters of 2 nanometers or less. These pores can be inaccessible because of diffusion limitations. They are easily 
plugged and thereby deactivated. Thus, high porosity material where the pores are mainly in the mesopore (>2 na- 

30 nometers) or macropore (>50 nanometers) ranges are most desirable. 

[0005] It is also important that supported catalysts not fracture or attrit during use because such fragments may 
become entrained in the reaction stream and must then be separated from the reaction mixture. The cost of replacing 
attritted catalyst, the cost of separating it from the reaction mixture and the risk of contaminating the product are all 
burdens upon the process. In other processes, e.g. where the solid supported catalyst is filtered from the process 

35 stream and recycled to the reaction zone, the fines may plug the filters and disrupt the process. 

[0006] It is also important that a catalyst, at the very least, minimize its contribution to the chemical contamination 
of reactant(s) and product(s). In the case of a catalyst support, this is even more important since the support is a 
potential source of contamination both to the catalyst it supports and to the chemical process. Further, some catalysts 
are particularly sensitive to contamination that can either promote unwanted competing reactions, i.e., affect its selec- 

40 tivity, or render the catalyst ineffective, i.e., "poison" it. Charcoal and commercial graphites or carbons made from 
petroleum residues usually contain trace amounts of sulfur or nitrogen as well as metals common to biological systems 
and may be undesirable for that reason. 

[0007] While activated charcoals and other carbon-containing materials have been used as catalyst supports, none 
have heretofore had all of the requisite qualities of porosity and pore size distribution, resistance to attrition and purity 
45 for the conduct of a variety of organic chemical reactions. 

OBJECTS OF THE INVENTION 

[0008] It is therefore a primary object of the invention to provide improved catalyst supports and supported catalysts 
so for heterogeneous catalytic reactions for use in chemical processes in the petroleum, petrochemical and chemical 
industries. 

[0009] It is a further object of the invention to provide improved, substantially pure, carbon catalyst support of high 
porosity, purity and resistance to attrition. 

[0010] It is another object of the invention to improve the activity and selectivity of supported catalysts. 
55 [0011] It is still a further object of the invention to provide improved methods for preparing supported catalysts. 

[0012] It is still a further and related object of the invention to improve the economics and reliability of making and 
using supported catalysts. 
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SUMMARY OF THE INVENTION 

[0013] The invention is in a supported catalyst for conducting a fluid phase catalytic chemical reaction, processes 
for performing a catalytic chemical reaction in fluid phase using the supported catalyst and a process for making the 
5 supported catalyst. 

[0014] The supported catalyst of the invention comprises a support comprising a carbon fibril aggregate and a cat- 
alytically effective amount of a catalyst supported thereon. The fibril aggregates comprise a plurality of carbon fibrils, 
each comprising multiple, essentially continuous, generally parallel layers of ordered graphitic carbon. In a preferred 
embodiment these graphitic layers are disposed in substantially parallel relation to the central axis of the fibril and a 
w preponderance of the fibrils have an external diameter of about 3.5 to 75 nanometers and a length-to-diameter ratio 
of at least about 5. 

[001 5] Fibril-aggregate-supported catalysts of the present invention have unique properties. They are exceptionally 
macroporous and they are pure and they are resistant to attrition and consequently can be separated from a fluid phase 
reaction medium over a long service life. The uniquely high macroporosity of carbon fibril aggregates, the result of their 

is macroscopic morphology, greatly facilitates the diffusion of reactants and products and the flow of heat into and out of 
the supported catalyst. This unique porosity results from a random entanglement or intertwining of fibrils that generates 
an unusually high internal void volume comprising mainly macropores in a dynamic, rather than static state. Sustained 
separability from fluid phase and lower losses of catalyst as fines also improves process performance and economics. 
Other advantages of the fibril aggregates as catalyst supports include high purity, improved catalyst loading capacity 

20 and chemical resistance to acids and bases. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 
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Fig. 1 is a schematic diagram of a catalytic reaction process performed with fibril-aggregate supported catalysts 
of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 



[0017] The carbon fibril aggregates used as catalyst supports in the invention are formed of a plurality of carbon 
fibrils characterized by an outer region of multiple, essentially continuous, generally parallel layers of ordered graphitic 
carbon atoms. The orientation of these layers with respect to the central axis of the fibril may vary from substantially 
parallel i.e. 0° angle of inclination to substantially perpendicular i.e., 90° angle of inclination. 
35 [001 8] In a preferred embodiment of the invention, the layers of graphitic carbon are in a substantially parallel rela- 
tionship and a preponderance of fibrils have an external diameter of about 3.5 to about 75 nanometers, a length-to- 
diameter ratio of at least about 5 and preferably at least 100 or even 1000. 

[0019] Such carbon fibrils are described in Tennent et aL, U.S.S.N. 871,676, filed June 6, 1986 ("Novel Carbon 
Fibrils, Method for Producing Same and Compositions Containing Same"), Tennent et al., U.S.S.N. 871 ,675, filed June 

40 6,-1986 ("Novel Carbon Fibrils, Method for Producing Same and Encapsulated Catalyst"), Snyder et al., U.S.S.N. 
149,573 filed January 28, 1988 ("Carbon Fibrils"), Mandeville etal., U.S.S.N. 285,817 filed December 16, 1988 ("Fi- 
brils"), and McCarthy et al., U.S.S.N. 351 ,967 filed May 15, 1 989 ("Surface Treatment of Carbon Microfibers"), all of 
whichare assigned to the same assignee as the invention here and are hereby incorporated by reference. Other carbon 
fibrils include those having a fishbone morphology ("FB") as described in U.S. Patent No. 4,855,091 to Geus et al. 

45 [0020] Carbon fibril aggregates of the invention have a variety of macroscopic morphologies as determined by scan- 
ning electron microscopy, including bird nest ("BN"), combed yam ("CY") and open net ("ON"). Bird nest aggregates 
resemble bird nests and are characterized by individual carbon fibrils randomly entangled with each other to form 
entangled balls of carbon fibrils. Combed yarn aggregates resemble combed yarn and are comprised of bundles of 
straight to slightly bent or kinked carbon fibrils having substantially the same relative orientation with respect to each 

so other. In other words, the longitudinal axis of each carbon fibril, despite individual bends or kinks, extends in the same 
general direction as that of the surrounding fibrils in the bundles. Open net aggregates resemble an open net and 
comprise straight to slightly bent or kinked carbon f ibrils that are loosely entangled with each other. Open net aggregates 
have a degree of fibril entanglement that is greater than that observed in combed yarn aggregates in which the individual 
fibrils have substantially the same relative orientation, but that is less than that of bird nest aggregates. Combed yarn 

55 and open net aggregates are more readily dispersed than bird nest aggregates. 

[0021 ] The random entanglement of fibrils in the bird nest (BN) morphology or the partially (loosely) intertwined fibrils 
in the combined yam (CY) morphology results in a unique porosity and pore structure. Since the individual fibrils are 
in the range of 3.5-70 nanometers in diameter, the pores formed by the entangled or loosely intertwined strands are 
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of comparable dimensions. Additionally, since the strands are not chemically or physically attached other than by 
relatively weak van der Waals attractions intermittently spaced, some movement of the strands or portions of the strands 
relative to each other can occur either randomly or on demand. Thus, the pores are in a "dynamic" rather than static 
state. This results in a support where traditional micropores (<20 A) are non-existent, and where the entire porosity is 

5 available to the fluid medium as meso- or macropores. This is highly advantageous for performing catalytic reactions. 
[0022] Carbon fibril aggregates are prepared by contacting a carbon-containing gas with a metal catalyst in a reactor 
at temperature and other conditions sufficient to produce them with the above-described fibril structure and macroscopic 
aggregate morphology. Reaction temperatures are 400-850° C, more preferably 600-750° C. Fibril aggregates are 
preferably prepared continuously by bringing the reactor to the reaction temperature, adding supported metal catalyst 

io particles, and then continuously contacting the supported catalyst with the carbon-containing gas. Examples of suitable 
feed gases Include aliphatic hydrocarbons, e.g., ethylene, propylene, propane, and methane; carbon monoxide; aro- 
matic hydrocarbons, e.g., benzene, naphthalene, and toluene; and oxygenated hydrocarbons. Additionally, hydrogen 
may be included in the feed. Preferred catalysts contain iron and, preferably, at least one element chosen from Group 
VIB of the Periodic Table (CAS Version) (e.g., molybdenum, tungsten, or chromium), Group VIIA (e.g., manganese), 

15 or the Lanthanide Series (e.g. , cerium). 

[0023] The macroscopic morphology of the fibril aggregate, i.e., whether it is a combed yam, open net or bird nest, 
is controlled by the choice of the catalyst support that is used in producing the fibril aggregate. Spherical supports grow 
carbon fibrils in random directions leading to the formation of bird nest aggregates. Combed yarn and open net aggre- 
gates are prepared using supports having one or more readily cleavable planar surfaces, e.g., an iron or iron-containing 

20 metal catalyst particle deposited on a support material having one or more readily cleavable surfaces and a surface 
area of at least 1 m 2 /g. 

Preferred support materials for making fibril aggregates include spherical fumed alumina and activated alumina or 
magnesia in the form of aggregates of tabular, prismatic, or platelet crystals. Such material is commercially available, 
e.g., spherical fumed alumina from DeGussa, activated alumina from Strem Chemicals and magnesia from Alfa Inor- 

25 ganics. The spherical fumed alumina particles yield primarily bird nest aggregates, while the activated alumina supports 
yield primarily combed yarn aggregates and the magnesia supports yield primarily open net aggregates. 
[0024] It is believed that in the formation of combed yarn and open net fibril aggregates that deposition of a catalyst 
on a support comprising readily cleavable planar surfaces allows the carbon fibrils to assist each other as they grow, 
creating a "neighbor" effect. As the catalyst particles deposited on the flat surfaces initiate carbon fibril growth, the 

30 individual fibrils are influenced by their "neighbors" . In the case of the activated alumina support, this leads primarily 
to combed yarn fibril aggregates in which the individual fibrils have the same relative orientation. The magnesia sup- 
ports, although having readily cleavable planar surfaces, yield primarily open net fibril aggregates in which the carbon 
fibrils are lightly entangled because the magnesia support breaks apart more readily than the activated alumina support 
during fibril growth, resulting in fibril aggregates that are less ordered than the combed yam aggregates but more 

35 ordered than the entangled fibril balls of bird nest aggregates. The oxide precursors used to generate the metal catalyst 
particles also affect the tendency of the aggregate-forming catalyst support to break apart. The more readily the oxide 
and support can form a mixed oxide at the interface between them, the more likely the support is to break apart. 
[0025] Further details regarding the formation of carbon fibril aggregates may be found in the disclosure of Snyder 
et al., U.S. Patent Application Serial No. 149,573, filed January 28, 1988, and Moy etal., U.S. Patent Application Serial 

40 No. 41 3,837 filed September 28, 1 989 ("Fibril Aggregates and Method of Making Same"), all of which are assigned to 
the same assignee as the invention here and are hereby incorporated by reference. 

[0026] Improved fibril aggregates for use in the invention can be made in accordance with methods disclosed in U. 

S. Patent Application Serial No. , filed on even date by David Moy and Asif Chishti entitled "Improved 

Methods and Catalysts for the Manufacture of Carbon Fibrils" the disclosure of which is incorporated here by reference. 

45 [0027] As a catalyst support, carbon fibril aggregates provide superior chemical and physical properties in porosity, 
surface area, separability, purity, catalyst loading capacity and chemical resistance to acids and bases. Carbon fibril 
aggregates have porosities as high as 8 ml/gm of aggregate support, high catalyst loading capacity, excellent sepa- 
rability from fluid phase owing to their resistance to attrition below a size of about 0.5 micron, surface areas of about 
250 to about 300 rr^/gm and capable of being as high as 1000 m 2 /gm, high compositional purity, i.e., freedom from 

so contaminants. 

[0028] Porosities of from about 2 to about 8 ml/gm and typically from about 5 to about 8 ml/gm, ensure increased 
accessibility to the active catalyst compound supported on the internal surfaces of the aggregate and confer a com- 
mensurate increase in the effective activity of the supported catalyst. Porosity is typically measured by evacuating all 
gases from a weighed sample of fibrils at a pressure <0.1 mm Hg; absorbing, in vacuo , a liquid, e.g., distilled water, 
55 suitable for such measurements just to the point of saturation; removing all liquid adhered to the fibril particles by 
filtering it through No. 50 Whatman filter paper with a water aspirator just to the formation of mud cracks in the filter 
cake; weighing the liquid-saturated fibril filter cake; and calculating the volume occupied by the liquid from the known 
weights of the fibrils, the absorbed liquid and the liquid density. 
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[0029] Carbon fibril aggregate catalyst supports have a high internal void volume that ameliorates the plugging prob- 
lem encountered in various processes. Moreover, the preponderance of large pores obviates the problems often en- 
countered in diffusion or mass transfer limited reactions. The high porosities ensure significantly increased catalyst life 
since more catalyst can be loaded onto the support. 

5 [0030] The carbon fibril aggregate catalyst supports of the invention have improved physical strength and resist 
attrition. In normal service they attrit only to a size of about two microns. When severe attrition does occur the attritted 
particles are typically above about 0.5 micron. Further, attritted fibril aggregates tend to self-flocculate, such that even 
when reduced to particles of about 0.5 micron they self-flocculate forming larger size agglomerates, remaining sepa- 
rable as compared to other 0.5 micron sized particles. 

10 [0031] Carbon fibril aggregates, which are highly graphitic, have a higher surface area than other synthetic graphites, 
typically 250-300 m 2 /gm for fibril aggregates vs. 10 rr^/g for synthetic graphite. If surface areas higher than 250-300 
m 2 /gm are desired, fibril aggregates can be surface-oxidized to provide surfaces with surface areas above 1000 m 2 / 
gm. An advantage of surface-oxidized carbon fibril aggregates over activated carbon is that only the surfaces of indi- 
vidual strands of carbon fibrils are modified and structural integrity of the aggregate remains intact, thereby providing 

15 increased surface area without any diminution in structural integrity. 

[0032] The chemical purity of fibril aggregates has a positive effect on the selectivity of a supported catalyst since 
contamination-induced side reactions are minimized. Carbon fibril aggregates are essentially pure carbon with only 
small amounts of encapsulated catalytic metal compounds remaining from the process in which the fibril aggregate 
was formed. The encapsulated fibril-forming metal compound does not act as a catalyst poison or as a selectivity- 

20 affecting contaminant. 

[0033] The combination of properties offered by fibril aggregates is unique. No known catalyst supports combine 
such high porosity, high surface area and high attrition resistance. The combination of properties offered by fibril ag- 
gregates is advantageous in any catalyst system amenable to the use of a carbon support. The multiple carbon fibrils 
that make up a carbon fibril aggregate provide a large number of junction points at which catalyst particles can adhere 

25 to multiple fibrils In the fibril aggregate. This provides a catalyst support that more tenaciously holds the supported 
catalyst. Further, carbon fibril aggregates permit high catalyst loadings per unit weight of fibril and this provides a 
greater reserve capacity of catalyst. Catalyst loadings are generally greater than 0.01 weight percent and preferably 
greater than 0.1 weight percent based on the total weight of the supported fibril-forming catalyst. Catalyst loadings 
greater than 50 weight percent of active catalyst based on the total weight of the supported catalyst are easily within 

30 the contemplation of the invention, i.e., loadings in excess of 100 weight percent based on the weight of the fibril 
aggregate-support of the invention, owing to the porosity of fibril aggregates and other factors discussed herein. 
[0034] Because of their high purity, carbon fibril aggregates have the properties of high purity graphite and, therefore, 
exhibit high resistance to attack by acids and bases. This characteristic is advantageous since one path to regenerating 
catalysts is regeneration with an acid or a base. Regeneration processes can be used which employ strong acids or 

35 strong bases. Their high purity also allows them to be used in very corrosive environments. 

METHOD OF MAKING SUPPORTED CATALYSTS 

[0035] Supported catalysts are made by supporting a catalytically effective amount of a catalyst on the fibril aggre- 
40 gate. The term "on the fibril aggregate" embraces, without limitation, on, in and within the aggregate and on the con- 
stituent fibrils thereof. The aforesaid terms may be used interchangeably. 

[0036] Three basic methods of preparing heterogeneous supported catalysts are adsorption, incipient wetness im- 
pregnation and precipitation. Supported catalysts may be prepared by either incorporating the catalyst onto the aggre- 
gate support or by forming it in situ and the catalyst may be either active before it is placed in the aggregate or activated 
45 in situ. Desirable active catalysts are the platinum group (ruthenium, osmium, rhodium, iridium, palladium and platinum 
or a mixture thereof) and, preferably, palladium and platinum or a mixture thereof. 

[0037] The catalyst, such as a coordination complex of a catalytic transition metal, such as palladium, rhodium or 
platinum, and a ligand, such as a phosphine, can be adsorbed by slurrying the fibril aggregate in a solution of the 
catalyst or catalyst precursor for an appropriate time for the desired loading. 
50 [0038] In impregnation by incipient wetness, a solution of the catalyst or catalyst precursor is absorbed by the dry 
fibril aggregate just to the point of saturation. Since the internal void volumes are very high (up to 8 cc/g with water) 
loadings in excess of 2-3 g of active catalyst/g of fibril aggregate can be obtained (e.g., 2.9 g Zn(OAc)2/g BN fibril 
aggregate). Multiple impregnations can result in even higher loadings. 

[0039] Alternatively, the catalyst or a catalyst precursor can be precipitated directly onto the surfaces of the aggregate. 
55 This method works well with oxide and mixed oxide catalysts. For example, a metal oxide can be first deposited on 
the fibril aggregate and the active catalyst then deposited in a second step. This deposition can be accomplished by 
loading a precursor of the metal oxide or catalyst by incipient wetness followed by addition of a precipitating agent, e. 
g., a base, or, the mixed oxide catalyst can be deposited analogously in a single step. 
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[0040] Aggregate-supported catalytic metal oxides and hydrated oxides can be prepared by precipitating them from 
aqueous solutions of water-soluble salts of the metals, such as by adjusting the pH of the solution. The corresponding 

sulfides can be made from these oxides and hydrated oxides. U.S. Patent Application Serial No. , 

filed on even date by David Moy and Asif Chishti entitled "Improved Methods and Catalysts for the Manufacture of 
5 Carbon Fibrils" the disclosure of which is incorporated here by reference, describes such precipitation in the context 
of fibril aggregate-supported catalysts for making fibrils and fibril aggregates. 

[0041] Fibril aggregates can be wetted with a catalyst precursor, such as a metal cation or metal complex in a suitable 
solvent system, dried, and then wetted with an activator, such as a suitable anion in a suitable solvent system or an 
acid or base in a suitable solvent, so as to produce the catalyst in situ within the fibril aggregate structure. As an 
w alternative, the sequence may be reversed. 

[0042] Still another method of making a supported catalyst is by adsorbing a catalyst precursor, such as a cation or 
metalate of a catalytic transition metal in solution, onto the fibril aggregate and then reducing or oxidizing the precursor 
to the catalyst, such as to the metal or metal oxide. 

[0043] The catalyst can also be coprecipitated onto the fibril aggregate along with another material, such as a material 
15 that is compatible with both the catalyst and the fibril aggregate where the catalyst is not compatible with the fibril 
aggregate. This technique opens the range of candidate catalysts for support by the fibril aggregates. For instance, a 
ferric oxide {Fe 2 OJ catalyst can be coprecipitated with alumina (AlgOg) or molybdena (Mo0 3 ) to form a coprecipitated 
mixed oxide catalyst, which may be reduced prior to the intended reaction, supported on the fibril aggregate. 
[0044] Further, the fibril aggregate support may be pretreated with an acid and/or base before being imparted with 
20 catalytic activity. 

[0045] Carbon fibril aggregates can be used to support catalysts other than those which are normally supported on 
carbon. A cosupport such as alumina, magnesia, silica, silica-alumina, silica-magnesia or a zeolite can be deposited 
or formed within a fibril aggregate and provide a support for a catalyst that is amenable to use only with the cosupport 
and still be effective because of the porosity of the fibril aggregate. By the same token a catalyst and a compatibility 

25 material can be coprecipitated on the fibril aggregate with the catalyst not otherwise being capable of attachment to a 
fibril aggregate. In other words, the porosity of fibril aggregates permit them to hold cosupport or coprecipitated catalyst 
material and still have sufficient porosity to provide access to reactant(s), product(s) and heat flow. Because of the 
very low bulk densities of carbon fibril aggregates (0.08-0.1 5 g/cc) and the resistance to attrition to less than 0.5 micron, 
the resulting cosupported or mixed oxide catalysts are suitable for fluidized bed or other catalytic processes requiring 

30 attrition resistance. 

[0046] In addition, the surfaces of the individual fibrils in the aggregate can be modified in order to either increase 
surface area or to modify their chemical properties to make them amenable to support of an even broader range of 
catalyst materials. It is also possible, because of the extreme porosity to apply multiple layers of materials to these 
surfaces. 

35 

METHODS OF USING SUPPORTED CATALYSTS 

[0047] Carbon fibril aggregates are candidates for use as catalyst supports for catalysts that heretofore utilized car- 
bon as a support material. These catalysts may catalyze substitution - nucleophilic, electrophilic or free radical; addition 

40 - nucleophilic, electrophilic, free radical or simultaneous; ^-elimination; rearrangement - nucleophilic, electrophilic or 
free radical; oxidation; or reduction reactions. The foregoing reactions are defined in March, J. Advanced Organic 
Chemistry (3rd ed. ( 1985) at pp. 180-182. See also Grant and Hackh's Chemical Dictionary (5th ed. 1987). More 
particularly, carbon fibril aggregates of the invention may be used as catalyst supports for catalysts for slurried liquid 
phase precious metal hydrogenation or dehydrogenation catalysis, Fischer-Tropsch catalysis, ammonia synthesis ca- 

45 talysis, hydrodesulfurization or hydrodenitrogenation catalysis, the catalytic oxidation of methanol to formaldehyde, 
and fibril- and/or fibril aggregate-forming catalysts. Typical heterogeneous catalytic reactions and the catalysts that 
are candidates for support on fibril aggregates are set forth in Table I below. 
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I Reaction 


Catalyst 


ffyrfrnqenation 


Olefin -» alkane 


Pt, Pd, Rh, Ru 


3H„ + - 2NH 9 


Pe 


2Ho + CO - CH^OH 


cu + /Zno 


Heptane toluene + 4H? 


Pt X. 


Acetone + H 9 -+ 2-propanol 


Pt, Copper chromite 


H? + aldehyde alcohol 


Pt, Pd f Rh, Ru 


nitrobenzene -* aniline 


Pd 


ammonium nitrate - hydroxy lamine 


Pd 


alkene alkane 

substituted alkene -> substituted alkane 


Pd, Pt, Rh, Ru 


Dehydrogenation 


2HOCK 2 CH 2 OH •* fi J • K 2 ♦ B 2 0 

2. 3-dibydr odioxin 


Pt 


II cvclohexanone ■* phenol + H? 


Pt 


1 Aromatization 




Pd, Pt, Rh 




Pt 


polymerization 


r«H. - linear polyethylene 


1 Cr 2+ /SiO, 


Olefin metathesis 


H 2C,H* - C,H„ + CH,CH=CHCH, 


1 M0 4+ /A1 9 0, | 


Oxidation J 


CH^OH + kO? - CH ? 0 + H?0 


Fe^O, • MoO-, J 


H?0 + CO H ? + CO? 


Fe^O*, Ni, CuO/ZnO | 
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%0 2 + CH 2 CH 2 - CH 3 CHO 


PdCl and similar 
salts of noble metals 


5 | 


RCH 9 OH - RCHO + H 2 


Pt 




Glucose -* d-glucuronic acid 


Pt 




niiqnmerizatlon 


10 i 


dimethylacetylene dicarboxylate -> 
hovimhAthvl mellitate 


Pd 




Isojneriza t i on 


15 I 


O- c, " Ci -0 


Pd 






20 


O- ~0 • C^-"-"' ~0 






carfcbnylation 


. 




1 CO + CH^OH - CHr,CO0H 


1 Rh 


25 


1 Decarboxylation 




CB,C(CB, ),CI 2 CI0 


Pd 


30 


^^-CB.CtCB^.CI, • CO 






pytime ilation _ tiu 


35 


SiH(CH 3 )3+cyclooctadiene-l, 3 
3 - 1 r iiaethy 1 s i ly 1-cy clooctene 
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[0048] The process of performing a heterogeneous catalytic chemical reaction in fluid phase with supported catalysts 
of the invention comprises contacting a reactant with a supported catalyst in fluid phase under suitable reaction con- 
ditions The process may be a batch process or a continuous process, such as a plug flow process or a gradientless 
process, e.g., a fluidized bed process. The supported catalysts of the invention are particularly useful in catalytic proc- 
esses where the reaction environment subjects the supported catalyst to mechanical stresses such as those using 
liquid phase slurry reactors, trickle bed reactors or fluidized bed reactors. The attrition resistance and high loading 
capability of the supported catalyst are particularly beneficial in these environments. 

[0049] In a batch process, the reactant(s) are reacted in the presence of the supported catalyst in a reaction vessel, 
preferably under agitation, and then the supported catalyst is separated from the reactant(s)/product(s) mixture by 
suitable means for reuse, such as by a filter or a centrifuge. 

[0050] Fig. 1 schematically illustrates a batch hydrogenation process 1. Supported catalyst is placed in a batch 
reaction vessel 10 to which hydrogen and reactant are added. The vessel is closed and the hydrogenation reaction 
performed under agitation. On completion of the reaction, the vessel contents are passed through line 1 4 to a filter 20 
where the supported catalyst is separated and returned to the reaction vessel 1 0 via return line 22 and the remainder 
of the vessel contents passed to the next stage of the process via line 24. 

[0051] In a plug flow process, the reactant(s) pass through a stationary bed of supported catalyst, such that the 
concentration of produces) increases as the reactant(s) pass through the catalyst bed. Any supported catalyst that 
becomes entrained in this flow can be separated by suitable means from the reactant(s)/product(s) stream and recycled 

into the bed. . 

[0052] In a moving bed or fluidized bed process, the supported catalyst is fluidized or entrained with the flow of 
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10 



15 



20 



25 



30 



35 



reactant(s) in the process. The supported catalyst flows concurrently with the reactant(s)/product(s) At the end of the 
SI K any entrained supported catalyst is separated from the unreacted reactant(sy P roduct(s) stream, such 
as bv filter centrifuge or cyclone separator, and recycled to the beginning of the reaction step 
r?053 lnrfluidizedbedprocess.abed of the supported cata^tlsfluidizedbutren^insw^intheboundso af«ed 
zoneLtrereactant(s)move through thebed and react to form produces). In this situation any supported cata^stthat 
ZZTeZZi in the reactanr ( s)/product(s) stream may be separated by suitable means and returned to the 

iSST fn a further form of continuous process, the supported catalyst moves counter-current to the flow of reactant 
rForexamp^^ the reactantmay be introduced asagas Into the base of a vertical reaction vessel and removed from 
hetopar p 3uc»s)The supported catalyst is introduced at ^ 
JmuohtheCS 

IZ^r5?ftow exiting the vessel could be separated and recycled to the top of the vessel for recycle into 



Jos^e flbril aggregate supports of the invention can also be used as supports for what would otherw.se be 
Sen^us^ 

homogeneous cata*tic processes to be run using heterogeneous cata*sis techniques. In supported l.qud phaseca- 
SSS and catalyst are molecular* dispersed in the liquid phase that is supported wrth.n the structure 

l^Sghtema. volume of fibril aggregates, as evidenced by their porosity, permfts them to be loaded wfth 
a 2 phasaSXt. much like a sponge, and used as a catalyst, but in a solid particle torn. Each 
fibS aqqreqate can be viewed as a microreactor in that the interior of the aggregate is loaded with a continuous l,qu d 
Jhale ^lonSng catatyst or a p.urality of droplets of catalyst in solution. Consequent*, the aggregate behaves both 
• ^solid pTrticte for materia, handling purposes and as a homogeneous liquid catalystfor reactior 
usefJness of carbon fibril aggregates is aided in this regard by their chemical stability. The advantages In us.ng ho- 

Z^^^ ^ - are the ease of separating the T "57 th : TT stream ' ease 

ram/inn out the Drocess equipment sizing and in avoiding corrosion in the condensed liquid phase. 

SeSngemehts Rations and reductions. More specifically, they are useful in hydroformy.ation and carbon y lat,on 

Sr.^«^, acata*st,oadedfibri. aggregate is prepared by absorbing a solution of the ca* 
onylation catalyst, such as rhodium chloride and triphenyl phosphine, in a higher boiling po.nt solvent, such as mes.t- 
t/ , ono or n<tPiidocumene into drv fibril aggregates, such as bird nest aggregates. 

ten^ 

sTvenrThe feedstock is absorbed and molecular* dispersed in the catalyst solution and reacts In the liquid phase. 
The reaction can be carried out in a slurry phase reaction as previous* described or in a fixed bed reaction. 
J,06ul The products of reaction, such as acetfc anhydride and/or acetic acid and byproducts, are removed from the 

f S Q 7Z^^^^o^ aggregate is prepared by absorbing a cataiys.such as P a„a- 
40 Ehlo de copper chloride, potassium chloride or lithium chloride, in a sofcent such as water, into dry fjbnl aggre- 
qates The loaded catalyst is then placed into a slurry phase or fixed bed reactor and vapor phase reac ants, such as 
ethy ene oxygen and Jdrogen chloride, are passed mrough the bed at appropriate partia. pressure and ^ 
The products such as acetaldehyde and water can be separated from the catalyst by vaponzation or f.ltration. 

45 EXAMPLES 

[0062] Examples I through VII describe the preparation of supported catalysts in accordance with the invention for 
various chemical processes and their use in those processes. 

so EXAMPLE I. 

[0063] This example describes the preparation by incipient wetness of a fibril aggregate-supported catalyst Ton a 
liquid phase slurry, precious metal hydrogenation and the use of the catalyst in the hydrogenation of phenol to cy- 

55 SrrsltSll aggregates (void voiume of 7.0 cc H 2 0/g) is washed extensive* with 6 N HCI, distilled 
E anS is then dried. 10.0 g ofthe dry aggregates are added to a 1 liter 2-neck flask equipped with a 100 cc long- 
sZ Son Tunnel and a stopcock attached to a vacuum source. The fibril sample is degassed at 0.1 mm Highly 
SSS 0.0135M solution of PdCI 2 (from AESAR) in 6 N HCI is added to the addition funnel. Wh.le still 
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column. Ten grams of phenol (Aldrich a ^J^^^J^^ The autoclave is then heated under an 
The autoclave is sealed and system is set to 5 atm 

M atmosphere of H 2 w.thsjmng 800 ^ 

are 16.0 and 0.12 g/g cat-s or liters per gram of catalyst-second, respectively. 

15 EXAMPLE II. 

[0066] Thisexampledescribesthepreparationofa^^^ 

ess and the use of the catalyst in that process^ disDe rsed with 600 cubic centimeters of deionized 

[0067] I-9-S 1 literof waterin 

ioading of the cataryst is 1 .1 g of iron per grarj ^ M ^ ^ 
Tnaro^wSS^ 
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55 



Fraction 


C 5" C 10 


c ir c is 


Olefins 


70 


60 


Paraffins 


13 


15 


Oxygenates 


12 


10 


Aromatics 


5 


15 



EXAMPLE III. 

[0069] ThisexampledescribesthepreparationofafM 
Uthesis process and the u^ 

[00701 Magnesia (Martin Marietta MagChembu; ^ " 9^ 2 . . dd d t , he Mg0/ 

s then allowed to cool. BN fibril aggregates 3.3 grams) ^ 

Mg( OH) 2 s,u 7 andth i= ^^^ 

water is mixed wrth a solution of 2.1 IT ' j I ™™"J" P aq y qregate slurry with vigorous mixing at a steady dropwise 
TZT^lZt^ VteSST™ Sd twJwith 1 N ammonium acetate by res.urrying 
^itZTheflSa^ 

[0071] The fWy"™*"* i^n^JSoHi Sft host is removed. When the temper ««»=. 
reoxidSe die receded Fe. whleh Is oihe<v»*d ^ ph °"=; _ M a 0 - (23 ^ „, otalyst is loaded in > 

Ki^sisror^nT^^ 

8% NH 3 , 23% N 2 and 69% H 2 . This corresponds to a 15% conversion to NH 3 . 
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EXAMPLE IV. 



_, ™. example deport ,h e prpp— . « P^.e-K^ > *> " <^*^ 

1 o.O g fibril aggregates. mixture containing 2.5% H 2 S in H 2 for 2 hrs. 

[0075] The catalyst is activated by reduction J^J^S 300 w of 9 , vol% s 2 oluti0 n of thiophene in 
10076] 0.1 g of catalyst is charged ,ntc , ,50 » oc ^^^luriza^ reaction is carried out at 300'C. 

S^lL— ^ 
of thiophene is determined to be 4.5 x 10" 3 L/g cat-s. 

EXAMPLE V. 

[0077] This exampie describes the preparation of a fibril aggregate-supported cata^st for a carbony.ation process 
and the use of the catalyst in a carbonylation process. gnd M Qf w heny| 

Th. p-^re in the ,e.ptor IP *f "JSS « 20O-C .r»J 500 p«ig k pr^ S u=h 

30 EXAMPLE VI, 

[0 080] Thisexamp.edescribestheprepa^ 

process and the use of the catalyst in uj heterogeneo J^^^MM M ln Licl , is absorbed into the pores of 
r0081l A homogeneous solution, 0.01 M in rau 2 , i^y 'vi ^ 2 
35 l 10.0 J BN fibril aggregates ""P*"* 60% 31% ^ 

coSs°8% C H 3 CHO, 16% C 2 H 4> 1% 0 2 and the baiance, steam. 
40 EXAMPLE VII. 

area«wi»^y/- _ , 070/ cihrii AnnrAnates. 



to 



15 



20 



25 



45 



50 



area 2yu nrrvgj. me nMpioa"u..«- - — ha \ 

the cata.yst is 0.65% Fe 2 0 3 , UK I Mo£ and 97 % FM JjW* ous f g)ass disc (1 0 . 20 micron). 

[0085] Thereactorteaquartztube.32mmODx1000 
The bed length is 425 mm. The process ,s earned out^^ 

6% MeOH/94% air (vol) at a tota J gas ^* 1 * ^ {0 . 2% ; * n d methyl formate (0.5%) are also 

conversion of MeOH with a selectivity to CH 2 0 of 96 h. CO (^.o /.J. ^ z\ 

detected. 



55 Claims 

1. A supported cataiyst for conducting a fluid phase catalytfc chemical reaction comprising 
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. %7<ZZZtS n L»« of a cata*st supported on said aggregate. 

2. A supported oata.yst as recited in Cairn 1 wherein the carbon fibri. aggregate is substantially free of micropores 
having a diameter less than 20 A. 

3. A supported catalyst as recited in claim 1 wherein the fibrils have a fishbone morphology. 
4 A supported catalyst for conducting a fluid phase catalytic chemical reaction comprising 

,. A SW «t«l -«•«"» <**> 4 <*«* "» """ a9S " 9< "' IS !Ub!,an " a " > ' 

having a diameter less than 20 A. 

7. AsupportedcatatystasrecitedinclaimAwherelnsaidfibriiaggregatehasaporosityfro^ 

8. AsupporiedcatatystasreCtedinc,^^ 

9. A supported catalyst as recited in Cairn 4 wherein said flbri. aggregate has a minimum size o, about 0.5 micron 
on attrition. 

10. A supported cata*st as recited in claim 5 wherein said fibril aggregate comprises entangled Mb. 

11. A supported cata*st as recited in claim 5 wherein said fibril aggregate comprises loose* entangled fibrils. 

250 m 2 /gm . 

13. A supported cata^st as recited in claim 4 wherein said fibri. aggregate comprises essentia,* pure carbon. 

14. A supported cata*st as recited in claim 4 wherein said fibril aggregate is surface oxidized. 

15. A supported cata*st as recited in Calm 4 wherein the cata*st is selected from ruthenium, osmium, rhodium, 
iridium, palladium, platinum or a mixture thereof. 

16. A supported catalyst as recited in claim 4 wherein the catalyst Is palladium. 
17 A supported catalyst as recited in claim 15 wherein the cata*st is platinum. 

catalyst a reduction reaction catalyst or two or more of the foregoing catalysts. 

I^ess caUst, a dfecrete fibril-forming catalyst or a fibril aggregate-formmg catalyst. 
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20 A supported catalyst as recited in claim 1 wherein the amount of catalyst in the supported catalyst is greater than 
about 0.01 weight percent based on the weight of the supported catalyst. 

21 A supported catalyst as recited in claim 1 wherein the amount of catalyst in the supported catalyst is greater than 
about 50 weight percent based on the weight of the supported catalyst. 

22 A process for performing a catalytic chemical reaction in fluid phase comprising contacting at least one reactant 
' in fluid phase under suitable reaction conditions with a supported catalyst that compnses 

(a) acatalyst support comprising a carbon fibril aggregate, said fibril aggregate comprising a p^ 

IS having an outer region of multiple essentially continuous, generally parallel layers of ordered graphic 
carbon atoms; and 

(b) a catalytically effective amount of a catalyst supported on said aggregate. 

23 A process for performing a catalytic chemical reaction In fluid phase comprising contacting at least one reactant 
' in fluid phase under suitable reaction condftions with a supported catalyst that compnses 

(ajacatalystsupportcomprfeinga^ 

ibrfls having an outer region of multiple essentially continuous, generally parallel layers of ordere I graphitic 
ca oon atoms disposed substantial* parallel to the central axis of said fibril, a preponderance of said f bnls 
having an external diameter of about 3.5 to 75 nanometers and a length to diameter rate of at least 5, and. 
(b) a catalytically effective amount of a catalyst supported on said aggregate. 

24. A process as recited in claim 23 wherein said process further comprises separating said supported cata^stfrom 
one or more products of said reaction. 

25 A orocess as ecited in claim 23 wherein said process further comprises recycling said supported catalyst to said 
^ M said reactant after separating the supported catalyst from said one or more products. 

26. A process as recited in claim 23 where said reaction is conducted in the liquid phase. 

27. A process as defined by claim 23 wherein said reaction is conducted in the gas phase. 

28. A process as recited in claim 23 wherein the reaction is conducted in a liquid phase slurry reactor, a trickle bed 
reactor or a fluidized bed reactor. 

29. A process for performing a catalytic chemical reaction comprising 

(a) introducing a reactant in vapor phase into a reaction zone containing a fibril aggregate-supported catalyst 
that comprises 

(i) a catalyst support comprising a cartoon fibril aggregate, said fibril aggregate comprising a plurality of 
ctbon Slshalg an outer region of multiple essentially continuous, general* paraliel layers of ordered 
«WG ca*on atoms disposed substantially parallel to the central axis of said fibril, a preponderance 
oSd flbl having an externa, diameter of about 3.5 to 75 nanometers and a length to diameter ratio of 

(i'rSteal* effective amount cf an active catalyst supported on said aggregate, the active catalyst 
being contained within a liquid phase within the said aggregate; and 

(b) absorbing the reactant into the said liquid phase to conduct said reaction. 

30 A orocess for making a supported catalyst for conducting a fluid phase catalytic chemical reaction comprising 
S a carnal* effective amount of a catalyst on carbon fibril aggregate that comprises a plural ty f 

to-diameter ratio of at least about 5 and graphitic layers disposed in substantially parallel relation to the centra, 
axis of the fibril. 

31. A process as recited in claim 30 wherein the catalyst is a multicomponent catalyst that is deposited on the fibril 
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aggregate in a single step. 

32. Aprocess a, reCted in c.aim 30 wherein the cata.st b a muiticomponent oataiyst that b deposited on the fibri, 
aggregate in multiple sequential steps. 

33. Aprocess as recited inclaim 30 wherein the catatyst and at .east one other mateda. are coprecipitated on the fibrii 
aggregate. 

34. A P rocessasrec*edincla^ 
surface area. 

35 A process as recited in Cairn 30 wherein the chemfca, properties o, the surfaces of the individua. fibrils in the 

aggregate are modified to support the catalyst. 
1. Asupported^tatystforconducungafluidphasecatalyticchemicalreactionwhichcomprises: 

(a) a oataiyst support comprising a carbon fibril aggregate and a cosupport materia., the fibri. aggregate 

(b) a catalyticalfy effective amount of a catalyst supported on said catalyst support. 

2 a supported catalyst according to Cairn 1 , wherein the cosupport materia, comprises a.umina, magnesia, si.ica. 
silica-alumina, silica-magnesia, molybdena or a zeolite. 

3. Asupportedcatatystaccordingtoc^ 
transition metal and a ligand. 

4 Asu ppo rt edcata*staccbrd^^ 
' transition metal selected from palladium, rhodium, or platrnum. 

5. A supported catalyst according to claim 3, wherein the ligand is phosphine. 

6. Asupportedcatalystaccording^^ 
denum, nickel or copper. 

7 A supported cata^st according to Cairn 1, wherein the supported cata.yst b se.ected from ruthenium, osmium, 
rhodium, iridium, palladium, platinum, or a mixture thereof. 

8 A supported catatyst according to claim 1 . wherein the supported catalyst is ferric oxide. 

catalyst a reduction reaction catalyst or two or more of the forego.ng catalyst. 

^^^^^^^—^^^ 

2 process catalyst, a discrete fibril-forcing catalyst or a fibril aggregate-form.ng catalyst. 
11. A process for making a supported catatyst for conducting a fluid phase catalytic chemical reaction comprising: 
adsorbing a catalyst or a catalyst precursor onto a carbon fibri, aggregate and a cosupport materia, unfi, the 
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carbon fibril aggregate and the co-support material are saturated with the catalyst, 
wherein said carbon fibril aggregate is defined in claim 1 . 
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